The free energies of immersion for three hydroxyapatite samples of different origin and method of preparation were determined from water adsorption isotherms at 20 and 25 C. The free energies varied with the temperature of the isotherm, changing linearly with the outgassing temperature in the range of 20 and 300 C. The samples outgassed at 300 C yielded free energy of immersion values of 365, 432, and 476 ergs/ cm2 for the VIC-, NBS-, and TVA-HAP, respectively. WZork of adhesion and work of spreading were calculated for wvater on these samples. In 1878, Gibbs derived thermodynamically a differential equation for adsorption when the bulk concentration of the solute, C, the number of molecules, n, adsorbed per cm2 of surface, and the change in free energy of the surface, was related to the change in concentration of the solute at constant temperature, (0y/aC)T. The derivation of the Gibbs' adsorption equation has been presented in the literature1-6 and is given as (@Y) T = n (a JU) T, ] where the summation includes all adsorbed species and , is the chemical potential. 
Paper presented in part at the International Association for Dental Research 50th General Meeting, Las Vegas, Nevada, March 1972. 744 where So /SLrepresents the change in the free surface energy when one cm2 surface of solid-vacuum interface is replaced by solidliquid interface. Free surface energy, surface tension, or interfacial tension is represented by y and the stlbscripts have the following meanings: SO -solid-vacuum, SL -solid-liquid, and LV°-liquid-saturated vapor. The adsorbate molecular weight is M, the specific area is As, the weight adsorbed in mg/g of adsorbent is x/m, and the relative pressure of the adsorbate is p/po. It is apparent that the various quantities described above can be determined if the integral can be calculated, the surface area of the solid measured, and the surface tension of water, YL.V, is known.
It is the purpose of this study to determine the free energy of immersion, YSO -YSL' the work of adhesion, and the work of spreading of water on various hydroxyapatites. Also, the change in the free energy of immersion as a function of temperature will be determined. The adsorption isotherms of water on HAP were determined on compacts as described by Rootare and Craig'2 using a gravimetric adsorption balance at isotherm temperatures of 20 and 25 C. All samples were compacted at 4,450 N (1,000 lbs) load on a %2 inch diameter ram for two minutes. The compacts generally were outgassed at 300 C and it should be assumed that the temperature was 300 C unless otherwise specified.
Adsorption isotherms were determined from p/p0 equal to zero to p/pO of nearly one. The integral in equationi 2 and others was determined graphically from plots of x/m versus In p/p0 from p/pc -0 to p/p -1. The integral was evaluated by a computer program using Simpson's rule. 13 The free surface energy changes per unit area were calculated using surface areas of the HAP compacts determined from B.E.T. plots of water adsorption isotherms.
Results
The compacts were shown to be incompletely filled with water at saturation during the isotherm determinations and the pore volume, maximum adsorbed volume, and the fraction of the pore volume filled for Victor (VIC), National Bureau of Standards (NBS), and Tennessee Valley Authority (TVA) compacts are listed in Table 1 . The fraction of the pore volume filled at saturation varied about tenfold from a low value of 0.038 for TVA-HAP to a high value of 0.340 for VIC-HAP. The hig,hest value of 0.340 for VIC-HAP, however, showed that 66% of the pore volume was not filled at saturation, and therefore the compacts could be classed as nonporous for the purposes of the Gibbs' adsorption equation.
The free energy of immersion of water on the three hydroxvapatites at 20 and 25 C are given in Table 2 234.
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water adsorption isofor Wa and W. as with the free energy of immersion (see Table 2 ). The change in the free energy of immersion of water on HAP with temperature is given in Table 3 . The temperature coefficient of the free energy of immersion of NBS and TVA were of the same magnitude, -12-and -14 ergs/ cm2/C while the temperature coefficient for VIC-HAP was about twice these values, or -26-ergs/cm2/C.
The effect of outgassing temperature on the free energy of immersion of water on hydroxyapatite is showvn in Figure 1 Figure 1 and the values for the slopes are listed in Table 4 . The differcnce in the slopes at the two isotherm temperatures is also given in Table 4 as is the change in slopes per degree of the isotherm temperature difference (the second derivative of the temperature dependency). These latter values represent the effect of the It is apparent that although crystallographically the hvdroxyapatites were nominally the same and the adsorption capacities per unit area also were the same, the surface energies of the hydroxyapatite samples were distinctly different. Determination of free surface energy changes is, therefore, of importance in characterizing the surface of hydroxyapatite or tooth enamel. Conclusion The free energy of immersion of water on hydroxyapatites was determined from vapor phase adsorption isotherms at 20 and 25 C. The free energy of immersion of water on HAP at 20 C was approximately 476, 432, and 365 ergs/cm2 for TVA-, NBS-, and VIC-HAP outgassed at 300 C. The free energies of immersion of all three hydroxyapatites decreased at the isotherm temperature of 25 C with decreases of about 14% for NBS-and TVA-HAP and of 36% for VIC-HAP.
The free energy of immersion values decreased linearly for sample outgassed from 300 to 20 C with the values approaching the enthalpy of water at 0 C. The free energy of immersion values for the three hydroxyapatites were in the same order as the binding energies of water at 300 C.
